SAND2015- 1556C

INCORPORATING WORKFLOW FOR
V&V/UQ IN THE SANDIA ANALYSIS
WORKBENCH

Robert L. Clay
SOS-19
Park City, UT
March 2-5, 2015

R.L. Clay, SOS19 March 2015 Unclassified Unlimited Release




‘Support the Design-To-Analysis process,
capturing data in context

Design Model Analysis Model Results

Development Development Simulation Processing

=

Uncertainty Quantification/Design Improvement

Model
Database

R

— Other databases that contain

] . ~————"—1 technical basis data (e.g.,

Ueeneel Zesi — ROA, product acceptance,
f——]

Database — flight test, lab test, etc.)

Requirements

Data Sources
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Sandia Analysis Workbench

The analysis process involves many (stove-piped) tools that generate a large
number of artifacts, which must be managed by the analyst.
Vision: an integrated environment for these tools
Sandia
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SAW provides a unified view of distributed
enterprise resources on the desktop
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Metrics show widespread adoption of SAW

SAW Usage Metrics (Quarterly)
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“Impact” represents staff who own data in our repositories

“Logins” are unique users of our data management service
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Automating workflow is a natural extension

« Workflow: a graph of connected nodes

— Nodes represent activities
— Arcs represent transitions, and may specify data interchange

— There is a start and end node, and the start node may have
preconditions

S O 6 Sarasvati Graph Editor
||| Move | Editarcs  Add Nodes  Add Externals

@*¢\

Retry Retry ¢

Super Simple Multi-Physics
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T Cubit: Power Tools -> Geometry -> Analyze
2 Cubit: Command Panel -> Boolean -> Subtract [keep] A (outer) from B (inner); Delete B
3 May require part to be split into 2 volumes
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3 Cubit: Command Panel -> Boolean -> Subtract (keep) Overlay from Body; Check for Overlay encloses Volume

Overlays Envelop CAD
Volumes 3

4 Run outofrange.pl output; check for too many counts for a given volume

5 New cg2sat feature
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V&YV of workflows adds complexity

« Complicated workflows are difficult to formally

understand (and may exhibit complexity)

— V&V'd components don’t add up to V&V'd workflows
— Provable workflows are an important aspect of V&V
— Workflows may be converted to Petri Nets and formally proven

P2 P4

p1 T1 . T2
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Workflow execution characteristics

 Creates an auditable document trail

— It is possible to data-mine workflows to ensure compliance as
well as to identify opportunities for process improvement

— Outputs may be captured and traceably related

* Re-execute at any time

— Increased speed and reliability
— Parametric analysis relatively straightforward
— Perform V&V sub-tasks when a prerequisite changes

« May become sub-workflows

— Embed complexity
— Sharable workflow elements (e.g., meshing workflow)

Sandia
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' Nested Workflows — Workflows reused in

other workflows

User Created I~ | | sierra | m\

Workflow _ _
(simulation)

A /

Job Submission
Workflow

Sierra Script Concatenate

Results

Sandia
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———
Proposed scalable workflow architecture directly
connects HPC codes using available Comms

Port properties: Connection properties:
Name (“Flow Field”) Type (‘FILE")
Data type (“CSV”) Parameters
Connection types (“FILE”, “NVRAM”) PATH="/gscratch3/user”
\ NAME="field.csV”
In Out
Action 1 Action 2
In Out
e Connection properties:
Port properties: ' )
Name (“Result”) -Il‘_’);?:n(qgc\a/rzAM )
Data type (“‘EXODUS”)
- « " " SEGMENT=“0x00004332"
Connection types (“FILE”, “NVRAM
lon types ( ) OFFSET=“0x00002200"

{) Execute using COTS Workflow Engine

Tool 2

Tool 1

Sandia
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Current Status:
Automatic Workflow Generation
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User has a point and click
interface to build workflow actions
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that extract common quantities of
interest (no scripting needed)
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Implementing a Complete Workflow Capability

Finish full architecture implementation
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Research Issues — Starter List

» Scalable workflow architecture (data flow,
staged execution of processes, ...)

* Building and managing workflows
« Workflow resilience
* Workflow V&V

« Sharing components and workflows
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